The objective of this study was to estimate postprandial hypertriglycemia by a newly designed oral fat-loading test. Twenty-three healthy normolipidemic volunteers were orally administered a test meal consisting of a mixture of Telmeal 2.0  and 20 g of saltfree butter after fasting for 12 h. To measure the levels of total cholesterol (T-Cho),
Introduction
Multiple epidemiological and clinical studies have established that dyslipidemia, e.g., increased total cholesterol (T-Cho), particularly low-density lipoprotein-cholesterol (LDL-C), and decreased high-density lipoproteincholesterol (HDL-C), is the most crucial factor in the pathogenesis of atherosclerosis, including coronary heart disease (CHD) and subsequent sudden death (1) (2) (3) (4) (5) . In contrast, although some investigators have reported that moderately elevated fasting triglycerides (TG) increased coronary events (6) (7) (8) (9) , the independent role of TG in the contribution of CHD has been controversial, since the fasting level of TG is inversely related to that of HDL-C in lipid metabolism (10) . Most studies on the relationship between atherosclerosis and lipids have been based on fasting lipid levels.
Recently, however, some prospective studies have clearly shown the potential importance of postprandial hypertriglycemia in the etiology of CHD even after adjusting for HDL-C using multivariate analyses (11, 12) . Iso et al. have demonstrated that the nonfasting serum TG level could predict the incidence of CHD, even in Japanese subjects who showed a decreased level of T-Cho, followed over a 15.5-year period (11) . Talmud et al. have also suggested that the combined evaluation of apolipoprotein (Apo) B with nonfasting TG could provide useful diagnostic criteria for CHD risk (12) . In addition, considerable evidence supports the view that postprandial hypertriglycemia is associated with insulin resistance, its concomitant compensatory hyperinsulinemia, and obesity (13, 14) .
In contrast, although several investigators have tried and reported fat-loading tests to examine postprandial hypertriglycemia in recent years (14) (15) (16) (17) (18) (19) , the evaluation and/or standardization of the test has not been fully established since neither the amount nor the type of lipids has been determined. Indeed, although some, but not all, reports on the fat-loading test might be available, the fact that trials have been conducted using different methods has made it difficult to compare the results for postprandial hypertriglycemia. Some proposed oral fat-loading tests were more complicated since the test meals were composed of a mixture of four to nine types of food (14) (15) (16) (17) 19) . In addition, these fat-loading tests have brought about more serious problems, such as excessive loading of calories and an imblance in the energy ratio (14) (15) (16) (17) (18) . The likely reason for these problems is that rapidly-introlerable lipid absorption by the test meals used led to subsequent gastrointestinal symptoms such as abdominal discomfort and diarrhea. We believe that better and more comfortable oral fatloading tests, such as the 75 g oral glucose-tolerance test, are called for to evaluate and standardize postprandial hypertriglycemia. Therefore, in this study, we designed a simple oral fat-loading test meal for the estimation of postprandial hypertriglycemia and evaluated its usefulness.
Research Design and Methods

Subjects
A total of 23 healthy normolipidemic volunteers were recruited among the students of the Yamagata University School of Medicine, and informed consent was obtained from the participants. Their mean age was 24.0 ± 0.5, and the sex ratio (male/female) was 15/8. Their height and body weight were determined to calculate their body mass index (BMI). Laboratory samples were obtained in the morning, and the following information was determined: fasting plasma glucose (FPG), serum levels of immunoreactive insulin (IRI), total cholesterol (T-Cho), triglycerides (TG), high-density lipoprotein-cholesterol (HDL-C), remnant-like particle-cholesterol (RLP-C), lipoprotein (a) [Lp (a)], free fatty acid (FFA), high-sensitivity C-reactive protein (hs-CRP), lipoprotein lipase (LPL), cholesterol ester transfer protein (CETP), and apolipoproteins (Apos) such as A-I, A-II, B, C-II, C-III and E. The details of the clinical characteristics of the subjects are summarized in Table 1 . There were not any abnormal findings in the laboratory parameters of the subjects.
This study was approved by the ethical committee of the Yamagata University School of Medicine.
Protocol for the oral fat-loading test
The test meal was made with a mixture of Telmeal 2.0  (Telmo, Tokyo, Japan), a commercially-available enteral nutrition drink that has 400 kcal/200 ml, and 20 g of saltfree butter ( Table 2 ). The total volume of the test meal was almost 200 ml, and the combined amounts of fat and energy were 31.6 g and 553 kcal, respectively. After fasting for 12 h, a venous blood sample was collected for the measurement of basal laboratory parameters. The test meal was then orally administered, and venous blood samples were collected every hour until 9 h after the beginning of fat-loading. The blood samples were immediately centrifuged at 1,500 × g for 15 min, and the plasma and sera were harvested and stored for the measurement of laboratory parameters. During the fat-loading test, the subjects were prohibited from exercising and additional eating but they were permitted to drink water. 
Data are the mean ± SEM (n = 23). 
Measurement of laboratory parameters
The serum levels of T-Cho, TG and FFA were determined by an enzymatic method, and that of high-density lipoprotein-cholesterol (HDL-C) by a precipitation method. In addition, measurements of RLP-C and Lp (a) were performed by an immunosorbent assay (20) and a latex agglutinative turbidimetric immunoassay, respectively. The levels of FPG and IRI were measured by a glucose oxidase and enzymatic immunoassay, respectively. Hs-CRP was measured by a particle-enhanced immunonephrometric assay (21) , and all types of Apos were quantified by a turbidimetric immunoassay. In addition, the measurements of LPL and CETP were conducted by the enzyme-linked immunosorbent assay in a commercial laboratory (SRL, Tokyo, Japan).
Statistical analysis
The results were expressed as mean ± SEM. The statistical significance was estimated by one-way-analysis of variance (ANOVA) for the comparison and/or linear regression analyses for the correlation of the parameters, and the difference was considered to be significant at p < 0.05.
Results
Changes of serum levels of T-Cho, TG, and HDL-C
As shown in Fig. 1 , the levels of T-Cho and HDL-C were not changed by the fat-loading test, suggesting that temporary fat-load did not affect metabolism. However, in a comparison of the basal value, the level of TG was significantly elevated to 134.0 ± 11.2 mg/dl at 2 h after fatloading and reached a maximum, which was 180% of the basal level, at 3 h. The significant elevation of TG was prolonged until 4 h after fat-loading and gradually declined, indicating that this fat-loading meal could be useful for estimating postprandial hypertriglycemia.
Changes of serum levels of RLP-C and FFA
Similar to the changes of TG, the level of RLP-C was significantly elevated to 5.77 ± 0.48 mg/dl at 2 h after fat-loading and reached a maximum, which was 184% of the basal level, at 3 h (Fig. 2) . The significant elevation of TG was prolonged until 4 h after fat-loading and gradually declined to the basal level. In contrast, inverse to the change of RLP-C, the level of FFA was significantly decreased by fat-loading but gradually increased in response to starvation after fat-loading.
Changes of plasma glucose and IRI
Since this test meal contained 52 g of carbohydrate, we further examined the changes in the levels of plasma glucose and IRI after the oral fat-loading test in 23 healthy normolipidemic volunteers. As shown in Fig. 3 , the level Fig. 1 . Fig. 1 . Fig. 1 . Fig. 1 . Fig. 1 . Changes in the levels of serum lipids (T-Cho, TG, and HDL-C) after the oral fat-loading test in 23 healthy normolipidemic volunteers. All data are expressed as the mean ± SEM (n = 23). Blood samples were collected before and after fat-loading at each hour until 9. *p < 0.05, **p < 0.01 vs. Time 0 in TG. Fig. 3 . Fig. 3 . Fig. 3 . Fig. 3 . Fig. 3 . Changes in the levels of plasma glucose and IRI after the oral fat-loading test in 23 healthy normolipidemic volunteers. All data are expressed as the mean ± SEM (n = 23). Blood samples were collected before and after fat-loading at each hour until 9. *p < 0.01 vs. Time 0 in IRI. Fig. 2 . Fig. 2 . Fig. 2 . Fig. 2 . Fig. 2 . Changes in the levels of RLP-C and FFA after the oral fat-loading test in 23 healthy normolipidemic volunteers. All data are expressed as the mean ± SEM (n = 23). Blood samples were collected before and after fat-loading at each hour until 9. *p < 0.05, **p < 0.01 vs. respective Time 0.
of plasma glucose was slightly elevated at 1 h after fatloading but immediately declined and reached a plateau at under 90 mg/dl after 2 h. In contrast, the level of IRI was remarkably increased at 1 h after fat-loading and gradually declined until 3 h.
Relationship between TG and RLP-C
To further clarify the clinical identity between TG and RLP-C in the fat-loading test, we examined the relationship between the serum values of TG and RLP-C. Interestingly, each value of RLP-C from 0 to 9 h was significantly correlated with those of TG in the participants of this study [correlation coefficient (R) = 0.850, p < 0.001] (Fig. 4) . In addition, a significant correlation between TG and RLP-C was also observed at 2, 3 and 4 h, and these values of R were 0.837, 0.838, and 0.908, respectively (p < 0.001) (Fig. 5 ).
Other assessments
Although we examined the change of Lp (a), Apos, and hs-CRP in this fat-loading test, no change was observed by the test meal (data not shown). The levels of LPL and CETP were within normal ranges in all of the participants.
In addition, there were no gastrointestinal symptoms, such as nausea, vomiting, and/or diarrhea during or after this study. All of the participants easily drank the fatloading test meal and, in their opinion, the test meal was similar to a vanilla milkshake.
Discussion
Several investigators have suggested that postprandial lipoprotein metabolism is a critical and initiating factor in the development of atherosclerosis including CHD (11, 12, 22, 23) . Iso et al. have shown that nonfasting TG values were significantly associated with the incidence of CHD, even though the levels of T-Cho were not so high compared with those indicated in most of the epidemiological and clinical studies (11). Talmud et al. have suggested that the combined evaluations of TG with Apo B could be useful diagnostic criteria for CHD (12) . These reports strongly suggested that postprandial hypertriglycemia could be potentially atherogenic. In contrast, Jeppesen et al. have reported that relative risk of CHD was more elevated in groups with mid-range and highest-third TG levels in comparison with those with lower-third TG levels, after multiple adjustment including HDL-C and LDL-C (24). Couch et al. have demonstrated that the postprandial level of TG was more accurate for the prediction of fasting TG level, even in children, by the estimation of the incremental area under the postprandial TG responsive curve (25) . Indeed, since the serum level of TG can vary widely by daily energy intake, even in healthy individuals, and the level in hyperlipidemic and diabetic patients can be more elevated, it is likely that a significant change in TG could contribute to the progression of atherosclerosis.
Recently, RLP-C has been demonstrated as a independent risk factor of CHD and implicated in the progression of atherosclerosis (26) (27) (28) . RLP-C is a TG-rich lipoprotein, and the compositional characteristics are interestingly similar to those of postprandially-modified verylow-density lipoprotein (VLDL) and chylomicron remnants (20) . Since remnants such as RLP-C are easily accumulated by macrophages, subsequently leading to the production of foam cells in the arterial walls, this type of lipoprotein is atherogenic (29, 30) .
To evaluate and standardize the postprandial changes of TG and/or RLP-C, a number of the oral fat-loading tests have been previously designed and reported (14) (15) (16) (17) (18) (19) 31) . In the initial fat-loading studies, some protocols required that the participants ingest a fat-rich shake, usually similar to cream, and the amount was often more Fig. 5 . Fig. 5 . Fig. 5 . Fig. 5 . Fig. 5 . Correlation between the levels of triglycerides and RLP-C at 2, 3, and 4 h after oral fat-loading in 23 healthy normolipidemic volunteers (n = 23). Fig. 4 . Fig. 4 . Fig. 4 . Fig. 4 . Fig. 4 . Correleation between the levels of triglycerides and RLP-C at each hour before and after oral fat-loading in 23 healthy normolipidemic volunteers (n = 230).
than 100 g of fat per dose (14, 19) . Recent studies have used more suitable fat levels in their test meal (15, 18, 31) . However, the compositions were still complicated.
In the present study, we proposed a simple oral fatloading test meal for the estimation of postprandial hypertriglycemia and could clearly demonstrate that the serum levels of both TG and RLP-C were rapidly elevated after 2 h by only 31.6 g of fat. In addition, a significant relationship between pstprandial levels of both TG and RLP-C was also obtained at 2, 3 and 4 h after fat-loading. These favorable results suggest that this newly designed fat-loading test was very useful for evaluating postprandial hypertriglycemia, including remnant concentrations.
In the beginning of the study, we designed a simple oral fat-loading test meal by using a mixture of Telmeal 2.0  and 20 g of salt-free butter. Telmeal 2.0  is a commercially-available tube-feeding drink containing 400 kcal/200 ml with 14.5 g of protein, 15 g of fat, and 52 g of carbohydrate. It is commonly administered to patients after a gastrointestinal and/or neurosurgical operation in Japan. Since the amount of fat in Telmeal 2.0  was considered insufficient for the elevation of serum lipid levels, we initially added various volumes of salt-free butter from 10 g to 50 g to the enteral nutrition drink for the evaluation of tolerability. We thus determined that 20 g of butter, subsequently 31.6 g of fat, was absolutely tolerable for all of the participants. Indeed, although the oral bolus infusion was assumed to be intolerable, Mattes has shown that butter, but not other fat compounds, was s u i t a b l e f o r t h e e s t i m a t i o n o f p o s t p r a n d i a l hypertriglycemia (32) .
Based on the preliminarily evaluation of the test meal, we next examined the response of lipids after fat-loading. As shown in Fig. 1 , we demonstrated that, compared with the basal value, the level of TG was significantly elevated after 2 h of fat-loading and continued for 4 h, indicating that this fat-loading test meal could be useful for estimating postprandial hypertriglycemia. In contrast, as in other reports (14, 19) , the levels of neither T-Cho nor HDL-C changed, even as a result of the transient fatloading in this study. Similar to the levels of TG, the levels of RLP-C were also significantly elevated at 2 h after fat-loading and these increases continued for 4 h (Fig. 2) . These findings were more immediate, even with the small amount of fat used, when compared with those of other fat-loading tests reported previously (18, 31) . Those fat-loading tests utilized 70 g of fat, a much larger amount than that included in our study. Therefore, it is reasonable to assume that the fat-loading test meal could be more rapidly absorbable than the previously-proposed test meals, since the levels of IRI were also drastically elevated in response to fat-loading (Fig. 3) . In contrast, Pedersen et al. have reported that the addition of 50 g of glucose to a meal significantly reduced the lipidemic response of that meal relative to a meal without glucose (33) . Indeed, although the present test meal included 52 g of carbohydrates, the discrepancy might be due to methodological differences, since the compositions of the meals, including their adapted oils, were quite diverse and complicated. As for the change of FFA, as in another report (14) , the levels were temporarily decreased by fat-loading and gradually increased, which could be considered a physiological response because the changes of IRI were automatically diverse (Fig. 3) .
Furthermore, we evaluated the relationship between TG and RLP-C levels after this fat-loading test. Interestingly, as shown in Fig. 4 , each RLP-C value from 0 to 9 h was significantly correlated with those of TG in the participants of this study [correlation coefficient (R) = 0.850, p < 0.001]. In addition, a significant correlation between TG and RLP-C was also observed at 2, 3, and 4 h, and the values of R were 0.837, 0.838, and 0.908, respectively ( p < 0.001) (Fig. 5) . These results strongly suggested that the levels of postprandial TG were absolutely associated with those of RLP-C. Several investigators have shown that the serum levels of both TG and RLP-C are high in patients with hyperlipidemia and type-2 diabetes (20, 31, 34) . Therefore, these findings may support the possibility that this newly designed fat-loading test is very useful for evaluating postprandial hypertriglycemia, including remnant concentrations in patients with insulin resistance.
In this study, however, we did not obtain a significant change in Apos (data not shown). Some reports have shown that the changes in TG were related to those of Apos (14, 35) . Although the precise mechanism remains unclear, it is likely that the discrepancy may result from the different types of test meal, including the loading calories, composition, and/or amount of fat. For example, Guerci et al. administered 890 kcal of energy from a blended emulsified meal to participants (14) , and Waterworth et al. adopted a fat meal consisting of 1,493 kcal of energy including milk fat. These two meals were completely different from those used in this newly designed fat-loading test.
In conclusion, in this study, we established that our newly designed fat-loading test could be very useful for evaluating not only postprandial hypertriglycemia but also postprandial elevation of RLP-C. Theses results provide a new insight into the potential significance of the estimation of postprandial hypertriglycemia, for example, in patients with metabolic syndrome, which may have clinical benefits and contribute to the prevention of atherosclerosis.
